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NATIONAL  ADVISORY COIQ4ITlTE FOR  P;ERONAWICS 

A TRANSONIC WIND-TUNNEL INVESTIGATION  OF  STORE AM) 

HORIZONTAL-TAIL MADS AND SOME EFFECTS OF 

FUSELAGE-AF'IXRBODY MODIFICATIONS ON A 

SWEPT-WING FIGEITER AIRPLANE 

By Joseph M. Hallissy, Jr., and Louis  Kudlacik 

-\ 
A n  investigation  has'been conducted in   t he  Langley 16-foot  transonic 

tunnel on a model of a swept-wing f ighter   a i rplane  to  determine: 

( a )  Store and pylon  loads and the  effect  of the   s tore   ins ta l la t ion  
on drag and s t a b i l i t y  

( b )  Horizontal-tail   loads  at   sideslip  angles of Oo and 5' 

( c )  The extent of drag-rise  reductions  possible by enlarging  the 
fuselage  afterbody t o  improve the  cross-sectional-area  progression 

The investigation covered Mach numbers from 0.80 t o  1.03; angles of 
a t t ack   t o  lTo, and sideslip  angles of 0' and *?O. The wing had 40' 
sweepback, an aspect   ra t io  of 3.43, a t ape r   r a t io  of 0.578, and NACA 64AO10 
airfoi l   sect ions  perpendicular   to   the  quarter  chord. 

The s tore  and pylon installation  increased  the  drag  coefficient 
25 t o  50 percent  throughout  the  test Mach  number range and decreased  the 
d i rec t iona l   s tab i l i ty   as  much as 20 percent. The side load on the  s tore  
varied markedly with  sideslip  angle  but  little  with  angle of attack. On 
the  pylon  the  side  load w a s  dependent on both  sideslip  angle and angle 
of attack. A t  the  lower Mach numbers and h igher   t es t  sngles of attack, 
the  horizontal-tail  asymmetric bending moments  became severe  in  the  side- 
sl ip  condition. Because of the  influence of the downwash f ie ld ,   the   d i s -  
t r ibu t ion  of load on the  horizontal  t a i l  was such tha t   re la t ive ly   l a rge  
hinge moments couid'exis5 f o r  sliiall t o t a l  t a i l  loads. The afterbody 
modifications  decreased  the  'transonic  drag  coefficient up t o  0.01, but 
caused increases  in  the  drag  coefficient  at  Mach numbers below 0.92. 
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INTRODUCTION 

Of frequent  concern  to  the  designer of military  aircraft  are  the 
following  two  problems: 

(a)  What  are  the  aerodynamic  penalties  and  loads  associated  with 
the  installation  of  large  external  stores? 

(b)  What  horizontal-tail  loads  will  be  encountered  within  the  oper- 
ating  range  of  the  airplane? 

Although  information  on  problem  (a)  is  becoming  more  available  as  the 
results  of  various  stores  research  programs  are  reported,  information 
in  the  transonic  speed  range  is  still  limited.'  Some  store  force  and 
moment  data  at  these  speeds  are  given  in  reference 1; however,  only  a 
few  data  are  available  giving  detailed  load  distribution  on  the  store. 
Reference 2, for  example,  gives  some  data  from  flight  measurements  on  a 
fineness-ratio-5  store  at  moderately  high  subsonic  speeds. 

The  total  horizontal-tail  loads  for  an  airplane  can  be  estimated 
and  are  usually  determined  in  developmental  wind-tunnel  testing.  The 
span  load  distributions,  however,  are  less  frequently  resolved. Due to 
the  flow  field  in  which  the  horizontal-tail  surfaces  operate,  their  span 
loadings  may  be  of  unusual  shape. For some  recent  designs  with  all- 
movable  swept  tail  surfaces  this  has  resulted  in  some  unexpectedly  large 
hinge  moments  even  for  small  total  tail  loads. An additional  problem 
arising  from  flow  field  irregularities may be  large  asymmetric  tail  loading 
in  sideslip. For some  types  of  attachment  (as  to  a  thin  vertical  fin) 
the  resulting  root  bending  moment  could  be  a  critical  design  condition. 

In a  recent  test  program  completed  in  the  Langley  16-foot  transonic 
tunnel  a  swept-wing  fighter  model  was  instrumented  for  both  force  and 
pressure  measurements so that  some  detailed  information  on  these  problems 
could  be  obtained.  This  report  presents  these  results  and  also  the  results 
of an  effort  to  reduce  the  transonic  drag  rise  (at  Mach  number 1.0) by :,: 

enlarging  the  fuselage  afterbody so as  to  improve  the  cross-sectional- 
area  progression  of  the  model. 

The  tests  covered  Mach  numbers  from 0.80 to 1.03, angles  of  attack 
to lTo, and  angles  of  sideslip  of Oo and f5'. ~ .* 

. .  

SYMBOLS 

The  model  forces  and  moments  are  presented  using  the  stability axis.fr. 
system.  (See  fig. 1.) The  origin  is  a  point  in  the  plane  of  symmetry , g  , @  

.r 
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opposite 0.21; and  located O.OlO3C below  the  fuselage  center  line.  (See 
fig. 2.) 

Store  forces and moments are presented  using a body axis  system  with 
the  x-axis  along  the  store  center  line  and  the  origin  at 50 percent  of 
the  store  length. 

CL 

CD 

i C z P  

cnS 

The  symbols  used are defined as follows: 

lift  coefficient, - Lift 
ss 

drag  coefficient, 9 
pitching-moment  coefficient, Pitching  moment qSE 

rolling-moment  coefficient, Rolling  moment 
qSb 

yawing-moment  coefficient, . Yawing  moment 
qSb 

lateral-force  coefficient, Lateral  force qs. 
- acl x 57.3, average  value  over  the  sideslip  range 
a P  

- x 57.3, average  value  over  the  sideslip  range 
aP 

- x 57.3, average  value  over  the  sideslip  range 
aP 

store  normal-force  coefficient, normal force 
qYtR2 

store  lateral-force  coefficient, Lateral  force 
s a 2  

store  pitching-moment  coefficient, Pitching  moment 
qflR22, 

store  yawing-moment  coefficient, Yawing  moment 
.. . qzR2 2 

store  section  normal-force  coefficient, 
Normal force  per  foot  of  length 

qr 

1"- 
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C Ys store  section  lateral-force  coefficient, 
Lateral  force  per  foot  of  length 

Clr 

C net  bending-moment  coefficient at the  horizontal  tail  attach- B( R-L) (Right  bending  moment - Left  bending  moment) 
St bt q-- 2 2  

cNt 

ch 

Cn 

A 

b 

bt 

C 

Cav 

E 

horizontal-tail  normal-force  coefficient, Nomna,l force 
sst 

horizontal-tail  hinge-moment  coefficient  referred  to  the  hinge 

axis ( see  fig. 1), Hinge  moment 

qct2bt 

horizontal-tail  section  normal-force  coefficient, 
Normal  force  per  foot  of span 

4% 

wing  section  normal-force  coefficient, 
Normal  force  per  foot  of  span 

¶C 

pylon  section  load  coefficient, Force  per  foot of span 
qcp 

model  cross-sectional  area,  normal  to  fuselage  center  line 

wing  span 

horizontal-tail  span 

wing  local  chord 

average  wing  chord 

m e a  aerodynamic  chord, Lb’2 c2dy 
pylon chord 

horizontal-tail  chord - 
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R 

r 

S 

S t  

X 

Xf 

XS 

Y 

U 

CLt 

P 

E 

horizontal-tail  incidence  (angle  with  respect  to  fuselage 
center  l ine ) 

fuselage  length 

t a i l  length, 0.21 E of wing t o  0.25 E of horizontal t a i l  

store  length 

base  pressure  coefficient, po - P* 
(4 

stat ic   pressure at model base 

free-stream  static  pressure 

free-stream dynamic pressure 

maximum store  radius 

local  store  radius 

wing area 

horizontal- ta i l   area 

streamwise  distance from the wing leading edge 

distance from the nose  of the  fuselage 

streamwise  distance from the pylon  leading edge 

distance from the nose  of the  store 

perpendicular  distance from the  plane of symmetry 

angle of attack,  referred  to  fuselage  center  l ine,  deg 

section angle of attack of the  horizontal tai l ,  
a + it - loca l  downwash angle, deg 

sideslip  angle, deg 

. .  i .  
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MODEL AND INSTRUMENTATION 

Model 
. .  

Geometric  details  and  dimensions  of  the  model  are  given  in  figure 2. 
The  term  "basic  model"  in  this  report  is  used  to  indicate  the  configura- 
tion  as  shown in  figure 2 less  pylon  and  store.  Some  additional  infor- 
mation  on  the  location  of  the  store  is  as  follows:  the  46.66-percent 
center-line  point  of  the  store  is  located 1.43 maximum  store  diameters 
directly  below  the  wing  quarter-chord  point  at  the  0.218-semispan  station. 

Figure 3 indicates  the  various  fuselage  shape  modifications.  The 
"original  fuselage  shape"  is  included  for  reference  only,  since  it  was 
not  one  of  the  configurations  tested. (An enlarged  afterbody  was  required 
for  the  sting  mounting.)  The  original  nose  inlet  is  also  indicated  for 
reference  only,  since  all  tests  were  made  with  the  faired  nose  section 
installed. Two modifications to the  fuselage  afterbody  shape  and one to 
the  wing-fuselage  juncture  were  tried  in  the  program  to  reduce  the  tran- 
sonic  drag  rise  by  improving  the  model  cross-sectional-mea  progression. 
Only  the  larger  of  the  two  afterbody  modifications  tested,  or  the "full 
afterbody  modification,"  is  indicated  in  figure 3. This  modification  was 
intended  to  provide  the  most  favorable  cross-sectional-area  distribution, 
as  shown  in  figure 4. The  smaller,  or  "75-percent  modification,"  was 
similar  in  shape,  but  had  only  about  three-fourths of the  area  addition, 
which  permitted  less  abrupt  fuselage  contours as compared  with  the full 
modification. A third  modification  incorporated  the  wing-root  fillets 
indicated  in  figures 3 and 4 installed  in  combination  with  the full after- 
body  modification. The purpose  of  these  fillets was to  move  the  point of 
maximum  area father forward,  thus  increasing  the  afterbody  fineness  ratio. 
Photographs of the  basic  model  and  of  the  model  with  wing-root  fillets ;% 

and  the  full  afterbody  modification  are  given  in  figure 5. 

Instrumentation 
I i  

An electric  strain-gage  balance  was  mounted  within  the  fuselage fo@ 
$2 

force  and  moment  measurement. '9 

j 1 
, i  

The  model  was  equipped  with  flush  pressure  orifices  at  the  locations 
." i L, 

indicated  in  figure 6. Four chordwise  rows  of 31 orifices  each  on  the 7, 
left  and  two  rows  of 11 orifices  each  on  the  right  comprised  the  wing 
pressure  instrumentation.  The  left  semispan of the  horizontal  tail  was .:.; 

instrumented  with  three  chordwise  rows  of 16 orifices  each.  Seventy- -, 

seven  pressure-measuring  orifices  at  eleven  stations  having 4 to 9 peripji- 
era1  orifices  each  were  installed  on  the  store,  while  one  row  of 9 ori- ' , '  

fices  per  side  was  employed  on  the  pylon. 
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Base pressures were measured f o r  a l l  test   conditions by two or i f ices  
located on the  s t ing 0.35  inch  inside  the  fuselage  base. 

TESTS 

The investigation was  conducted in   t he  Langley 16-foot  transonic 
tunnel which has an octagonal  slotted  test   section  permitt ing a contin- 
uous var ia t ion of speed t o  a Mach  number s l i gh t ly  above 1.0. 

For a l l  test   conditions six-component force and moment data were 
obtained.  For most conditions  extensive  pressure  data were also  recorded. 

The  Mach numbers were 0.80, 0.90, 0.94, 0.98, 1.00 and 1.03 f o r   a l l  
configurations. The angle-of-attack  range was -2O t o  l 5 O ,  except t ha t  
at the  highest two  Mach numbers the range was limited by the  balance 
capacity. For the  basic  configuration and the  store-on  configuration 
t e s t s  were made at sideslip  angles of 25' as  well as Oo. For one  of the 
afterbody  modifications  tests  also were made a t  a sideslip  angle of +?O. 

m e   t e s t  Reynolds number (based on  wing mean aerodynamic chord) W a s  

about 5.0 X 10 . 6 

ACCURACY AND CORNETIONS 

The measurement of Mach  number in   the   t es t   reg ion  i s  correct  within 
fO.002 ( see   re f .  3) and angles of attack and angles of sideslip  presented 
are  believed  accurate  to  within i0.l degree. 

The estimated  accuracy of 

CL . . . . . . . . . . . . . .  
CD (a t  low l i f t  coeff ic ients)  . 
CD ( a t  high l i f t  coeff ic ients)  
cm . . . . . . . . . . . . . .  
C t  . . . . . . . . . . . . . .  
en . . . . . . . . . . . . . .  
cy . . . . . . . . . . . . . .  
po . 1.2 '' . . '  . .  ". 1.- . . I  ........... 

force and moment coefficients is as follows: 

. . . . . . . . . . . . . . . .  9.01 

. . . . . . . . . . . . . . . .  to.001 

. . . . . . . . . . . . . . . .  tO.003 

. . . . . . . . . . . . . . . .  50.003 

. . . . . . . . . . . . . . . .  fO.001 

. . . . . . . . . . . . . . . .  fO.OO1 

. . . . . . . . . . . . . . . .  $0.001 

. . . . . . .  , ....... ". . 0~ . . . . .  fO.01 
A wind-stream  upflow  angle of 0.23 degree  has  been  allowed f o r   i n  

the computation of the  data. 
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. L i f t  and drag data have  been adjusted' to  the  condition of free-stream 
stat ic   pressure a t  the  model base. Base pressure  coefficients  are  pre-, 
sented  for  the  basic model at it = 0' ( f ig .  7( d)  ) y  the  basic model at F: 
it = -5' (fig.   8(d)),   the  basic model with  horizontal t a i l  off   ( f ig .  g(d)), 
and fo r   t he  model with full afterbody  modification  (fig. 11( d)  ) . No base 
pressure  data are presented  for  the model with  s tore  and pylon, since 
these  data were essent ia l ly   the same as figure 7( a). Similarly, no base 
pressure  data have  been  included for   the  full afterbody  modification  plus 
wing-root f i l l e t s  or  fo r   t he  75-percent  modification,  since  these  data 
a re   essent ia l ly   the  same as figure 11( a) .  

No corrections have  been applied  for sting interference  or  aero- 
e las t ic   e f fec ts .  Boundary interference  effects  for a wing-fuselage con- 
bination of t h i s   s i z e  are negl ig ib le   in   th i s   t es t   sec t ion  up t o  and 
s l igh t ly  above Mach number 1.0. ('See r e f .  4. ) 

RESuLII1S AND DISCUSSION 

The basic  force data obtained  for a l l  configurations  are  presented 
in   f i gu res  7 t o  15 and f o r  convenience are  tabulated as follows: 

Longitudinal  data Figure Data presented 

Basic model, it = 0' 7( a)  a against  CL 

7( d )  pb against CL 
7( 4 Cm against  CL 
7(b 1 CD against  CL 

Basic model, it = -5' a against CL 8( a )  
CD against  CL 8(b 1 
Cm against  CL 8 (c)  
Pb against  CL 8( d )  

Basic model, horizontal  t a i l  off a against CL 9(a> 
CD against  CL 904 
Cm against CL 9 ( 4  
Pb against CJ; 9( a>  

Model with  store and pylon a against CL a> 
CD against  CL 10( b j 
Cm against CL lo( c 1 
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Longitudinal  data 

Model with f u l l  afterbody 
modification 

Model with  75-percent  afterbody 
modification 

Model with f u l l  afterbody modi- 
f i ca t ion  and wing-root f i l l e t s  

Sideslip  data 

Bas i c mode 1 

Model with full afterbody 
modification 

Model with  store and pylon 

Data presented 

a against CL 
CD against CL 
Cm against CL 
pb against CL 

a against CL 
CD against CL 
Cm against CL 

a against CL 
CD against CL 
Cm against CL 

Data presented 

Cm against p 
C 2  against p 
Cn against p 
Cy against p 

Cm against p 
C 2 against /3 
Cn against p 
Cy against p 

Cm against p 
C 2  against p 
C, against p 
Cy against B 

9 '  

Store and Pylon Ins ta l la t ion  

Effect on  wing loading.- The e f fec ts  which in s t a l l i ng   t he   s to re  and 
pylon had on wing pressures and loading   a re   i l lus t ra ted   in   f igures  16 

17. In  general,  the  pressure  coefficients were more negative on 
both  the  upper and  lower surfaces, f Lgure 16. The lower surface change 
is  the  greatest ,  however, especially inboard, so that  the  loads are a l so  
reduced as shown in   f igure  17. 

. . . .. 
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Effect on airplane  forces and moments.-  The e f fec ts  of the  s tore  a+d 
pylon in s t a l l a t ion  on airplane  forces and moments are presented   in   f ig - -  
ures 18 through 23. The lift-curve  slope, as shown in   f i gu re  i8, was ' ,  

reduced by the   s tore   ins ta l la t ion .  The l i f t  coefficient a t  zero  angle ',, 

of attack was also  reduced  slightly, as can  be  seen by comparing f i g -  
ures 7( a) and 10( a).  This i s  at l e a s t   p a r t i a l l y  caused by the  reduction 
in  loading on the   r igh t  wing. The CD increase at zero l i f t  caused by: 
the   s tore   ins ta l la t ion ,  as shown in   f igure  19, varies  from 25 t o  50 per- 
cent,  being 0.0025 at M = 0.80 and 0.016 at M = 1.03. Figure 20 shows 
the m a x i m u m  l i f t -d rag   r a t io  and the l i f t  coe f f i c i en t   a t  which it occurs. 
The loss i n  m a x i m u m  l i f t -d rag   r a t io  caused  by the  store  ranges  from  2.0: 
a t  M = 0.80 down t o  1.0 a t  higher  speeds. A t  zero l i f t ,  no s ignif icant  
change in  longitudinal  stabil i ty  parameter - i s  shown by figure  21 

f o r  any point i n   t h e   t e s t  Mach  number region. The zero l i f t  pitching- 
moment coeff ic ient   a lso i s  unchanged except at Mach numbers 0.98 and 1.00, 
as shown in   f igure  22. A t  these  speeds  the  shock  pattern may be strongly 
influenced by the  presence of the  store. 

The s tore   ins ta l la t ion  on the  r ight  wing r e su l t ed   i n  a posi t ive 
change i n  C 2  of up t o  0.01 a t  zero  sideslip,   f igure 15. i s  gen- 

e ra l ly  more negative  (posit ive  dihedral   effect)  w i t h  the  s tore  mounted, 
a t   l eas t   for   the   h igher  Mach numbers, as i s  shown in   f igure  23. Cn at 
zero  sideslip i s  also  general ly   shif ted  in   the  posi t ive  direct ion  ( f ig .  15) 
and the  directional  stability  parameter Cnp i s  reduced as much as 

20 percent  (fig.  23). A 20-percent  increase i n  i s  also shown i n  

f igure 23. 

c z P  

cyP 

Store and pylon  loads.- None of the  actual  pressures measured on , , ,  

the  store have been  included in  the  report ,   but  the  longitudinal  distri- ' : .  
bution of load and the  total   integrated  load,  both  in  the normal  and 
la te ra l   d i rec t ions ,  have  been included,  figures 24 t o  26. Only 77 or i f ices  
were used t o  measure pressures on the  s tore  and t h i s  number is  not con- 6 ' .  

sidered  to   be  suff ic ient ly   large  to   obtain a high  degree of accuracy o f i s  

quali tatively,  and that  the  proper  trends  are shown. 

. .  . ,  

the  integrated  loads. However, it is  bel ieved  that   the   resul ts   are  

In  general,  the normal load  distribution on the  s tore  does not 
greatly  with any of the  tes t   vasiables ,   f igure 24. The forward 25 or , 

30 percent of the  store  supports a negative  load due to  the  negative  store 
incidence of 3 r e l a t ive  t o  the wing. This  negative  load i s  main- 
tained  through most of the  angle-of-attack  range due to   the  control l ing '2. 
ef fec t  of the wing  on the  f low  in  this  region. The load on the  s tore  a;' 
nose a t   t he   h ighes t   t e s t  angle of attack becomes s l ight ly   posi t ive.  The?) 
section of the  s tore  between 30 and 60 percent  maintains a loading  that 
i s  posit ive due t o  low pressures between the   s tore  and the wing i n   t h i s  
region. Behind the 60 percent  station  the  load i s  again  negative. 

10 
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Horizontal-Tail  Characteristics 

Horizontal-tail  loads were obtained by the  integration of pressures 
measured on the upper  and  lower surfaces a t  the  three  stations on the 
l e f t  semispan. The span  load  distributions  are shown i n  ffgure 29. For 
the  s idesl ip   case  the  lef t  semispan data shown are  those  obtained on the 
l e f t  semispan a t  p = +5O. The data shown on the   r igh t  semispan were 
actually  obtained by l e f t  semispan measurements at j3 = -5O. For the 
unyawed case  the  lef t  semispan data are   plot ted on both   the   l e f t  and 
right  sides.  

T a i l  normal force.- The t a i l  normal-force coefficients  for  incidence 
angles of 0' and -5O are  presented  in  f igure 30. These data were obtained 
by the spanwise integration of section  load  data. There was some concern 
over  the  accuracy of the  resul t ing t a i l  normal-load,values,  since  there 
were only  three.pressire  orifice  stations.   Therefore,  figure 30 a lso  
includes (a t  it = 0' only) t a i l  load  data  obtained from the t a i l  contri-  
but ion  to   pi tching moment.  The results  indicate  very good agreement at 
a l l  Mach numbers. It i s  believed,  therefore,  that  accurate  data have 
been  obtained  using  only  three semispan s ta t ions on the  horizontal  ta i l .  
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The dis t r ibut ion of side  load on the  s tore  i s  characterized by a 
load on the  forward 50 percent, shown in  f igure 24(b), which varies con- 
siderably  with  angle of s ides l ip  j3 generally  being  positive when p 
i s  -3' and negative when p i s  +5O. From this  point aft the load i s  
less  influenced by the  test   conditions.  The load on the  central   area 
i s  always i n  an  inboard  direction due t o   t h e  lowered pressure on the 
inboard  side of the  store.  Both  normal and side  load  section  data have 
in  general   the same shape  and character is t ics  as do the  section normal 
and side  load  distributions of reference 2. 

Integrated  loads on the  store  are  given  in  f igure 25 as a function 
of angle of attack. A t  zero  angle of s idesl ip   the  s tore   s ide  force i s  
negative or inboard. The f a c t   t h a t  only a small change in   s tore   s ide  
force  occurs w i t h  angle of a t tack i s  i n  agreement with the  supersonic 
data  of  reference 5 f o r  a similar fnboard  store  location. Large varia- 
t ions of the  store  side-force and yawing-moment coefficients  occur w i t h  
s ides l ip  and are shown in   f igure  26, cross  plotted from figure 25. 

A sampling of the  pressure  distributions  obtained at the one pylon 
s ta t ion  i s  included as figure 27. The integrated  section  load  coefficients 
for   the pylon a t  a l l  test   conditions  are shown in   f igure  28. The loads on 
the  pylon  are  seen t o  vary  appreciably w i t h  both  angle of a t tack and side- 
s l i p  angle. For the  r ight  wing mounting employed, the  side  force becomes 
more pos i t ive   ( tha t   i s ,  toward the  t ip)  with  posit ive  angles of a t tack 
and negative  angles of s ides l ip .  The increase  in  the  load w i t h  angle of 
attack i s  associated w i t h  the  usual  outflow on the lower surface  of a 
swept wing. 

I I- 
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The reduct ion   in  t a i l  normal force at the higher angles  of 'at tack 
may be a t t r i b u t e d   t o   t h e   r a t e  of change of downwash f o r  a swept wing such 
as is  shown, f o r  example, in  reference 6. ,I 1 

The slope  of  the t a i l  l i f t  with t a i l  incidence as determined from 1 
the   present   data   for  low angles  of  attack  varied  from 0.055 t o  0.068, ' . 

having the  higher  values at the  highest Mach numbers. 

A comparison  of the t a i l  loads a t  zero  sideslip.  and 5' s ides l ip  is:: 
shown i n   f i g u r e  31. For a l l  tested  conditions the tail load was  more .. 

posi t ive at sideslip  angles,   or i n  a d i r ec t ion   t o  cause a more negative 
pitching moment; the magnitude was of about the proper  order  to  produce-.' 
the  pitching-moment coefficient  reductions w i t h  s ides l ip  shown i n   f i g -  
ure 14. 

Asymmetric bending moment.- For the  sideslip  condition, as shown i n  
figure 29, appreciable  differences  in  loads between opposite semispans 
may be encountered.  For a horizontal t a i l  mounted on a ve r t i ca l - t a i l  
surface, as it was  on this model,  bending-moment differences  a t   the  
attachment may become c r i t i c a l .  The load  distributions were, therefore, 
in tegra ted   for   d i f fe rences   in  bending-moment coefficients and the r e su l t s  
are  presented i n   f i g u r e  32. For the  lower Mach numbers at the  highest 
t e s t  angle  of  attack  the asymmetric bending moment becomes very  large. 
This increase is  apparently due t o   t h e  wing vortex moving t o  a posit ion 
inboard of the   hor izonta l - ta i l   t ip .  To show this, comparisons  of the 
horizontal-tail  span  loading have been made with unpublished downwash 
data measured behind a wing-body  model having 45O sweep of the  quarter 
chord, aspec t   ra t io  4, t aper   ra t io  0.6, and having  6-percent-thick 
sections  parallel   to  the  stream. This wing i s  related  closely enough 
t o   t h e  wing of the present . tes t s  so that flow f ie ld   charac te r i s t ics  
would be similar. The downwash data were measured w i t h  p i tch head probes 
at four  points  behind and above the wing corresponding t o  four  locations. 
on the t a i l  semispan.  These data me shown i n   f i g u r e  33 f o r  Mach  num- 
bers 0.80 and 0.98 and for  angles  of  attack of 1l0 and Yj0. The  downwash 
data are  presented as the  local  angle  of  attack  of  the tail, q,. As '.; 

shown in   f i gu re  33(a) at M = 0.80 the general   variation of loca l  angle-$, 
of attack  across the span, as measured w i t h  probes, i s  similar t o  that f b  
of the t a i l  load  dis t r ibut ion shown immediately below in   t he  same figur44 
Note that  a t   t h e   t i p   t h e   l o c a l  angle of a t tack and the   load   a t  a = 11 , b &  
are  both  negative,  indicating  large downwash, while at a = 15O the  t i p g  
angle and load are both  positive,  indicating  greatly  reduced downwash. 
The former condition  indicates a wing vortex  position  outside  the t a i l  
t i p ,  while  the latter indicates that a t  a = 15' the wing vortex  has I 
moved inside  the t a i l  t i p .  A t  the bottom  of the page (f igure 33(a)) , ;  

are  shown the span  loads  obtained  for  the same angles  of  attack at , !  

p = 5 O .  It can be seen tha t  a t  11' some asymmetry in  load  has developed P 
due, apparently, t o   t h e   r i g h t   t i p  moving in to   t he  low downwash region 3. 

' S t "  

. *  - (4 'f- 1. 
3; i 1'1 
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outside  the wing vortex. A t  a = l5', however, the asymmetry in   load i s  
very  large  because  not  only i s  a large  part  of the   r igh t   t ip   ou ts ide   the  
wing vortex  in   the low  downwash region,  but  the l e f t   t i p  has become  com- 
pletely unloaded due t o  having moved inside  the  vortex. These r e su l t s  
are   typical  of Mach numbers 0.80, 0.90, and 0.94. Figure  33(b)  indicates 
that fo r  M = 0.98 at a = 15' the wing vortex i s  s t i l l  outside the 
t a i l  t i p   ( f o r  p = 00)  and thus at t h i s  speed a sfdeslip  angle of 5' does 
not  produce the  large asymmetry of loading  obtained at lower speeds. 
Downwash measurements at higher  angles, however, indioate  that  a t  a = lTO, 
the  vortex would be inside  the wing t i p  and the  loading would  become 
similas t o  that at a = 15' at lower  speeds. 

T a i l  hinge moments.-  Hinge-moment coefficients about the  hinge axis 
indicated  in   f igure 1 have  been determined from the pressure  data  obtained 
a t   the   th ree   o r i f ice   s ta t ions  on the  horizontal t a i l  and are  presented  in 
figure 34. Comparing these data with  the t a i l  normal-force data in f i g -  
ure 30, it w i l l  be  noticed that the  hinge moments are   qui te   large  for  
some conditions where the normal load i s  small, and vice  versa. This 
resu l t s ,  of course, from the  influence of the downwash f i e l d  on the span 
loading on the ta i l .  

The slope of the hinge-moment coefficient w i t h  t a i l  incidence  angle 
has been  determined from figure 34 and i s  shown in   f i gu re  35. The rapid 
increase w i t h  Mach  number i s  due t o   t h e  spanwise  and rearward  center-of- 
pressure  shift  generally  associated with transonic  speeds. 

T a i l  incidence  for t r i m  was calculated from the pitching-moment data 
( of f i g s  . 7( c ) and 8( c ) ) and i s  shown  on t h e   l e f t  side of figure 36. 
Using these t r i m  t a i l  incidences and the t a i l  hinge-moment data, ch 
fo r  t r i m  has been  determined and i s  plotted  against  angle of a t tack on 
the  r ight  side of figure 36. The average  slope  of  Ch(trim) between 
a = Oo and 4' through  the Mach  number range i s  presented  in  f igure 37 
as ach( t r i m )  
represents a s t i f fening of the t a i l  control  characterist ics,  i s  very 
severe, and would be r e f l ec t ed   i n  a correspondingly  increased t a i l  actu- 
ator  force.  The actuator  force change, f o r  example, which would be 
required  to  make an angle-of-attack change of lo at M = 3.03 i s  more 
than 40 times as great  (allowing  for change i n   q )  as at M = 0.80. 
The large  value of aCh(trh)/aa a t  high Mach numbers could be reduced 
by a more reasward posit ion of the  hinge  line,  but this would r e s u l t   i n  
an overbalanced t a i l  a t  lower  speeds. 

/ha.  The increase of this parameter  with Mach  number, which 

Effects of "Area-Rule" Modifications 
. ,  

The modifications  tried, which were discussed  ear l ier   in   the Model 
and Instrumentation  Section, a l l  involved  the  addition of fuselage volume - 
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without  indentation. The drag r e su l t s  from the  basic model data of f ig -  
ure 7( b )  and from the  modified model data of figures 11( b), 12( b), and 
13(b) have been  cross  plotted at two l i f t  coefficients  against  Mach  num- 
ber   in  figure 38. A t  zero lift coefficient a l l  modifications  reduce  the 
drag a t  Mach numbers greater  than 0.92  but a l l  increase  the drag f o r  1 '  
lower Mach numbers. A maxirmun reduction  of 0.01 i n  drag  coefficient is 
realized at 0.96 Mach  number a t  zero l i f t  coef f ic ien t   wi th   the   fu l l  after- 
body modification and wing r o o t   f i l l e t s .  Drag reductions become less  at 
the  highest   test  Mach numbers and at   increased l i f t  coefficients.  O f  :the 
three  modifications  tried  the  full  modification  without  fillets  appears 
t o  have generally  the  best   characterist ics.  M a x i m u m  L/D values  for :;, 
the  full   afterbody  modification  without  root  f i l lets  are shown i n   f i g - ,  
ure 20, and, as would be  expected,  indicate some improvements at the ,,' 

higher  speeds  but some losses at the lower  speeds. 

The e f fec t  of the full afterbody  modification  without  root  fillets 
on the  longi tudinal   s tabi l i ty  parameter aC&CL, as shown in   f igure  21, 
i s  a small decrease i n  absolute  value  through  the Mach  number range. 
The pitching moment at zero l i f t ,   f i g u r e  22, i s  more positive  with  the 
modified  afterbody, which i s  probably due t o   t h e  downflow  on the  hori- 
zon ta l   t a i l  caused by the  modification. The  nose-down pitching-moment 
change with  sideslip i s  usual ly   less   for   the model with  afterbody modi- 
f ication,  f igure 14. 

The effective  dihedral, C z p y  shown in   f igure  23,  becomes  more 

posit ive at the  higher  speeds and angles of a t tack  f o r  the  configuration 
with full afterbody  modification,  perhaps due t o  a change of the wing 
shock pattern. The directional  stabil i ty  derivative  generally 

decreases as much as 10 percent  at   the lower Mach numbers but no con- 
s i s ten t  change prevails  at   the  higher speeds, f igure 23. It might be 
expected tha t  at high  angles of attack  the  full   afterbody  modification 
would adversely  affect  through a blanketing  effect  on the   ver t ica l  

t a i l ,  but  this  did  not occur in  the  test   angle-of-attack  range. 
CnB 

> 4 

CONCLUSIONS 

The resu l t s  of a transonic  wind-tunnel  investigation - which included 
the measurement of  loads on a store mounted on a swept-wing f igh ter  con-. 
f igurat ion,   hor izontal- ta i l   loads  a t   s idesl ip   angles  of Oo and 5 O ,  and 
fuselage  modifications t o  improve the  cross-sectional-area  progression ;: 
of the model - lead  to  the  following  conclusions: 

1. A 25- t o  30-percent  increase in   t he  minimum drag  occurred  through- 
out  the Mach  number range  with  the  store  installed. 

f -  - I  z 
iA 

;i. 

a 
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2. The d i r ec t iona l   s t ab i l i t y  w a s  reduced as much as 20 percent when 
the  s tore  was ins ta l led .  

3. There  were large changes in   the  s tore   s ide  force  with  s idesl ip  
angle,  but  only small changes with  angle of  at tack  for  the  inboard  loca- 
t ion  used  in   these tests. The side  force on the  pylon, however, varied 
considerably  with  angle of a t tack  as well  as with  angle  of  sideslip. 

4. Because of the  influence of the  downwash f ie ld ,   the   d i s t r ibu t ion  
of load on the  horizontal  t a i l  was such that   re la t ively  large  hinge 
moments could exist f o r  small t o t a l  t a i l  loads. The slope  of  the t a i l  
hinge-moment coeff ic ient  a t  t r i m  with  angle  of  attack  increased  throughout 
the  tes t  Mach number range, t he  rate of  increase  being greatest above a 
Mach nuniber of  0.94. 

5. A t  the  lower Mach numbers and higher tes t  angles of attack,  the 
horizontal- ta i l  asymmetric  bending moments became severe in   t he   s ides l ip  
condition. 

6. Reductions up t o  0.01 i n  minimum drag  coefficient were obtained 
in  the  transonic  range by afterbody  enlargement,  but a l l  modifications 
increased  drag below a Mach number of 0.92. 

I 

c- 

Langley Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley Field, Va . ,  January 16, 1956. 
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Figure 1.- S tab i l i t y  system of axes.  Positive  direction of forces, moments, 
and angles  are  indicated by arrows. 
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shape 
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I 

Figure 3.- Model fuselage  modifications. 
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Figure 4. - Cross-sectional-area  progression. 
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(a) Basic model. 
L-85146 

L-85236 
(b) Model with ful l   af terboay  modif icat ion and wing-root f i l lets.  

Figure 5.- Photographs of t he  model mounted i n   t h e   t e s t   s e c t i o n .  
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Figure 6.- Orifice  station  locations. 
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(a) A n g l e  of attack. 

Figure 7.- Longitudinal characteristics of the complete  basic model. 
it = 0'. 
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(b) Drag coefficient . 
Figure 7.- Continued. - 
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(c )  Pitching-moment coeff ic ient  . 
i 
! Figure 7.- Continued. 
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(d )  Base pressure coefficient . 
Figure 7.- Concluded. - 
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(a) Angle of attack. 

I Figure 8.- Longitudinal characteristics of the complete  basic model. 
l it = -5O. 
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(b) Drag coeff ic ient .  

Figure 8.- Continued. 
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( c )  Pitching-moment coeff ic ient .  

Figure 8. - Continued. 
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( d )  Base pressure  coefficient.  

Figure 8. - Concluded. 
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(a)  Angle of attack. 

! Figure 9.- Longitudinal  characteristics of the   bas ic  model. Horizontal 
t a i l  off. 
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(b) Drag coefficient . 
Figure 9.- Continued. 
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(d)  Base pressure  coeff  iciegt . 
Figure 9.- Concluded. 
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(a) Angle of attack. 

Flgure 10.- Longitudinal  characteristics of the complete model with pylon 
and s tore   instal led.  it = 0'. 
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(b) Drag coefficient.  

Figure 10.- Continued. 
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(c) Pitching-moment coeff ic ient .  

Figure 10. - Concluded. 
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(a)  A n g l e  of a t tack.  
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Figure 11.- Longitudinal  characteristics of t h e  complete model with f u l l  
afterbody  modification. it = 0'. 
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( e )  Pitching-moment coeff ic ient .  

Figure 11. - Continued . 
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(a) Base pressure  coefficient.  
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Figure 11. - Concluded. 
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(a)  Angle of attack. 

Figure 12.- Longitudinal  characterist ics of t h e  complete model with 75 per- 
cent  afterbody  modification. it = 0'. 
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(b) Drag coefficient;. 

Figure 12.- Continued. 
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(c) Pitching-moment  coefficient. 

Figure 12.- Concluded. 
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(a) Angle of attack. 

I Figure 13.- Longitudinal  characterist ics  of '   the complete model w i t h  fu l l  
afterbody  modification and wing-root f i l l e t s .  it = Oo. 
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(b)  Drag coefficient.  

Figure 13. - Continued. 
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( c )  Pitching-moment coeff ic ient .  . 

Figure 13.- Concluded. 
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Figure 14.- Variation of pitching-moment coefficient  with  sideslip  angle 
f o r  three configurations. 
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ct-" Complete  model , i t  0" with  pylon  mounted  store 
b"--- Complete model , tt = 0" with  full  ofterbody  modification 
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Figure 19.- Effect of pylon and s tore   ins ta l la t ion  on drag coefficient. 
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Figure 20.- Effect of Mach  number on the maximum l i f t - d r a g   r a t i o  and l i f t  
coef f ic ien t   for  maximum l i f t -d rag   r a t io .  
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Figure 21.- Variation of longitudinal-stability  parameter  with Mach number 
at zero  lift  coefficient for several  configurations. 
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Figure 22.- Variation of  pitching-moment coefficient wi th  Mach  number at 
zero l i f t  coefficient  for  several  configurations. = 0'. 
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Figure 23.- Variation of l a t e r a l  sideslip derivatives  with  angle of attack. 
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Figure 28.- Pylon section  load  coefficient  for  sideslip  angles of 0' 
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Figure 30.- Effect  of angle of attack  on  the horizontal-tail-normal-force 
coefficient.  Complete  basic  model; it = 0' and -5'; p = 0'. 
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Figure 34.- Effect of angle of a t tack  and Mach  number on the horizontal- 
t a i l  hinge moment. 
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Figure 35.- Average  rate of change  of  hinge-moment  coefficient  with 
horizontal-tail  incidence  through  the  Mach  number  range.  (Averaged 
over  an  angle-of-attack  range  of Oo to 4O.) 
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Figure 36.- Effect of angle of a t tack and Mach number  on the  horizontal- 
t a i l  incidence  angle and hinge-moment coeff ic ient   for  trim. 
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Figure 37.- The slope of the hinge-moment coefficient (model  trimmed) with 
angle of a t tack   th roTh  the  Mach  number range. (Averaged f o r  the  range 
between a = 0’ and 4 . ) 
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